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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for quantitatively 
analyzing an element with a small error in which a quantitative 
determination error due to a deviation of an ion irradiating content based 
on a sample current is corrected. 

SOLUTION: The method for quantitatively analyzing the element 
comprises the steps of irradiating a standard sample and a sample (3) to 
be analyzed with an ion (5), and quantitatively determining a target 
element in the sample to be analyzed based on a ratio of the standard 
sample to the sample to be analyzed of a spectral yield to be detected 
by a detector (DB) according to a nuclear reaction or the ion with a 
target element or an elastic recoil scattering. In this case, the 
quantitative determination error due to the deviation of the ion 
irradiating content to the standard sample and the sample to be 
analyzed is corrected by using a ratio of the standard sample to the 
sample to be analyzed of a back scattering spectral yield at the time of 
irradiating with the ion to be detected by the detector (DA). 
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Japan Patent Office is not responsible for any 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the quantitative-analysis approach which carries out the quantum of the specified element concerned in 
this test sample for chemical analysis-ed based on the ratio of the this standard sample of spectrum yield and this test 
sample for chemical analysis-ed which irradiate ion at a standard sample and a test sample for chemical analysis-ed, and 
are detected by the nuclear reaction of this ion and a specified element, or elastic recoil dispersion. The element 
quantitative-analysis approach characterized by amending the quantum error by gap of the exposure of said ion to this 
standard sample and this test sample for chemical analysis-ed using the ratio between the backscattering spectrum yield 
from said standard sample detected at the time of the exposure of the above-mentioned ion, and a test sample for 
chemical analysis-ed. 

[Claim 2] The backscattering spectrum yield Al of this standard sample detected when ion is irradiated at a standard 
sample and a test sample for chemical analysis-ed, and the backscattering spectrum yield A2 of this test sample for 
chemical analysis-ed, The spectrum yield Bl of this standard sample detected by the nuclear reaction of this ion and a 
specified element, or elastic recoil dispersion when the above-mentioned ion is irradiated, and spectrum yield B-2 of this 
test sample for chemical analysis-ed, The program code which acquires the concentration Nl of this specified element 
in this standard sample, The program code which obtains the multiplier k for amending the quantum error by gap of the 
exposure to this standard sample and this test sample for chemical analysis-ed of said ion using the ratios A2/A1 of A2 
to the backscattering spectrum yield Al, With the spectrum yield Bl and B-2 in the above-mentioned multiplier k, this 
standard sample, and this test sample for chemical analysis-ed, and the concentration Nl of this specified element in this 
standard sample The element quantitative-analysis computer program characterized by having the program code which 
obtains the concentration N2 of the specified element of this test sample for chemical analysis-ed concerned according 
toN2=k-Nl-(B-2/Bl). 

[Claim 3] When the program code which obtains said multiplier k has the the same base material constituent of said 
standard sample and said test sample for chemical analysis-ed, When the base material constituent of said standard 
sample and said test sample for chemical analysis-ed differs from the program code which obtains 1/(A2/A1) as said 
correction factor k The ratio of the backscattering cross-section values sigmal and sigma2 of each base material 
component of this standard sample and this test sample for chemical analysis-ed and the ratio of the atomic 
consistencies Ul and U2 are acquired. The element quantitative-analysis computer program according to claim 2 
characterized by having the program code which obtains 1/[(A2/A1) (sigmal /sigma2) (U1/U2)] as said correction factor 
k. 

[Claim 4] The element quantitative-analysis computer program according to claim 3 characterized by acquiring the 
abundance ratio alpha of this specified element, and having the program code which obtains the product of 1 /alpha and 
said correction factor k as a new correction factor for the quantum of said specified element containing this isotope 
when an isotope exists in said specified element in said test sample for chemical analysis-ed. 

[Claim 5] The 1st detector for measuring the backscattering spectrum yield Al of this standard sample when irradiating 
ion, and the backscattering spectrum yield A2 of this test sample for chemical analysis-ed to a standard sample and a 
test sample for chemical analysis-ed, The 2nd detector for measuring the spectrum yield Bl in this standard sample 
detected by the nuclear reaction of this ion and a specified element, or elastic recoil dispersion when the above- 
mentioned ion is irradiated, and spectrum yield B-2 in this test sample for chemical analysis-ed, The multiplier k for 
amending the quantum error by gap of the exposure to this standard sample and this test sample for chemical analysis-ed 
of the above-mentioned ion is obtained using the ratios A2/A1 of A2 to the above-mentioned backscattering spectrum 
yield Al. This multiplier k The above-mentioned spectrum yield Bl and B-2 in this standard sample and this test sample 
for chemical analysis-ed, Element quantitative-analysis equipment characterized by having the arithmetic unit which 
calculates the concentration N2 of this specified element of this test sample for chemical analysis-ed by N2=k-Nl- (B- 
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2 / Bl) from the concentration Nl of this specified element in this standard sample. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the highly accurate element quantitative-analysis approach and 
equipment list suitable for the quantitative analysis of the element contained in Si film by which the laminating was 
especially carried out to semi-conductor wafers, such as a silicon semi-conductor wafer, about the computer program at 
the quantitative-analysis approach for carrying out the quantum of the specified element in a test sample for chemical 
analysis-ed using the nuclear reaction of an ion beam and an element, or elastic recoil dispersion, and the equipment list, 
or the SiGe film at a computer program. 
[0002] 

[Description of the Prior Art] In the quantitative analysis of the element in a semi-conductor wafer, a nuclear reaction 
method and elastic recoil dispersion spectroscopy are often used. By these quantitative-analysis approaches, the ion 
beam accelerated to MeV level by the test sample for chemical analysis-ed installed in the vacuum is usually irradiated. 
The photon and particle which were generated by the nuclear reaction with a specified element by the nuclear reaction 
method are detected. At elastic recoil dispersion spectroscopy, the concentration of the specified element in a test 
sample for chemical analysis-ed is determined by contrasting the spectrum yield which detects the atom by which elastic 
recoil dispersion was carried out with the specified element, and is detected in the standard sample whose concentration 
of a specified element is known, and the spectrum yield in a test sample for chemical analysis-ed. The mass number is 
suitable for evaluation of the light element below a fluorine, and such technique especially is tools of analysis with a 
quantum precision high theoretic very. 

[0003] By the above-mentioned quantitative-analysis approach, in order to make the same the amount of currents of the 
ion beam which irradiates a test sample for chemical analysis-ed and a standard substance, by measuring and integrating 
the current (specimen current) which flows in a sample during an ion beam exposure (that is, under measurement), the 
amount of charges was computed and the ion beam exposure is determined based on this amount of charges. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when determining an ion beam exposure based on the amount of 
charges obtained by the addition of the above specimen current and there are a difference in the current detection 
efficiency by the installation approach of a sample, a difference in the secondary electron recovery effectiveness by the 
location of an electrode holder, etc., even if it irradiates the ion beam of tales doses at the same sample, the amounts of 
charges integrated from specimen current differ. That is, with such an element, even if the amount of charges integrated 
from specimen current is the same, the case where ion beam exposures differ produces it. If it puts in another way, a gap 
will arise between an apparent ion beam dose and a true ion beam dose. Such a gap produces an error in the quantum of 
the specified element by contrast of the spectrum yield between a test sample for chemical analysis-ed and a standard 
sample. Furthermore, also with differences in the conductivity of a sample proper, since a difference arises from 
specimen current to the amount of addition charges, even if an apparent ion beam dose is the same, the dose of an actual 
ion beam often changes between samples. In such a case, since the spectrum yield ratio between the samples obtained 
does not reflect the ratio of concentration of the specified element between samples, exact quantitative analysis will be 
carried out. 

[0005] This invention makes it a technical problem to offer the quantitative-analysis technique in which quantitative 
analysis with a small analytical error is possible by amending the error of the quantitative analysis by the difference with 
the amount of ion irradiation of the appearance based on the above specimen current, and the actual amount of ion 
irradiation. 
[0006] 
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[Means for Solving the Problem] In order to attain the above-mentioned technical problem, as a result of repeating 
research wholeheartedly, by measuring the backscattering spectrum of a sample with the spectrum measurement for 
carrying out the quantum of the specified element, this invention persons find out that amendment of an ion beam 
exposure is possible, and came to accomplish the element quantitative-analysis technique concerning this invention. 
[0007] If this invention is caused like 1 voice, the element quantitative-analysis approach It is the quantitative-analysis 
approach which carries out the quantum of the specified element concerned in this test sample for chemical analysis-ed 
based on the ratio of the this standard sample of spectrum yield and this test sample for chemical analysis-ed which 
irradiate ion at a standard sample and a test sample for chemical analysis-ed, and are detected by the nuclear reaction of 
this ion and a specified element, or elastic recoil dispersion. Let it be a summary to amend the quantum error by gap of 
the exposure of said ion to this standard sample and this test sample for chemical analysis-ed using the ratio between the 
backscattering spectrum yield from said standard sample detected at the time of the exposure of the above-mentioned 
ion, and a test sample for chemical analysis-ed. 

[0008] If this invention is caused like 1 voice, an element quantitative-analysis computer program The backscattering 
spectrum yield Al of this standard sample detected when ion is irradiated at a standard sample and a test sample for 
chemical analysis-ed, and the backscattering spectrum yield A2 of this test sample for chemical analysis-ed, The 
spectrum yield Bl of this standard sample detected by the nuclear reaction of this ion and a specified element, or elastic 
recoil dispersion when the above-mentioned ion is irradiated, and spectrum yield B-2 of this test sample for chemical 
analysis-ed, The program code which acquires the concentration Nl of this specified element in this standard sample, 
The program code which obtains the multiplier k for amending the quantum error by gap of the exposure to this 
standard sample and this test sample for chemical analysis-ed of said ion using the ratios A2/A1 of A2 to the 
backscattering spectrum yield Al, With the spectrum yield Bl and B-2 in the above-mentioned multiplier k, this 
standard sample, and this test sample for chemical analysis-ed, and the concentration Nl of this specified element in this 
standard sample Let it be a summary to have the program code which obtains the concentration N2 of the specified 
element of this test sample for chemical analysis-ed concerned according to N2=k-Nl- (B-2 / Bl). 
[0009] When the program code which obtains said multiplier k has the the same base material constituent of said 
standard sample and said test sample for chemical analysis-ed, When the base material constituent of said standard 
sample and said test sample for chemical analysis-ed differs from the program code which obtains 1/(A2/A1) as said 
correction factor k The ratio of the backscattering cross-section values sigmal and sigma2 of each base material 
component of this standard sample and this test sample for chemical analysis-ed and the ratio of the atomic 
consistencies Ul and U2 may be acquired, and you may have the program code which obtains 1/[(A2/A1) 
(sigmal /sigma2) (U1/U2)] as said correction factor k. 

[0010] Moreover, when an isotope exists in said specified element in said test sample for chemical analysis-ed, the 
abundance ratio alpha of this specified element may be acquired, and you may have the program code which obtains the 
product of 1 /alpha and said correction factor k as a new correction factor for the quantum of said specified element 
containing this isotope. 

[001 1] If this invention is caused like 1 voice, element quantitative-analysis equipment The 1st detector for measuring 
the backscattering spectrum yield Al of this standard sample when irradiating ion, and the backscattering spectrum 
yield A2 of this test sample for chemical analysis-ed to a standard sample and a test sample for chemical analysis-ed, 
The 2nd detector for measuring the spectrum yield Bl in this standard sample detected by the nuclear reaction of this 
ion and a specified element, or elastic recoil dispersion when the above-mentioned ion is irradiated, and spectrum yield 
B-2 in this test sample for chemical analysis-ed, The multiplier k for amending the quantum error by gap of the 
exposure to this standard sample and this test sample for chemical analysis-ed of the above-mentioned ion is obtained 
using the ratios A2/A1 of A2 to the above-mentioned backscattering spectrum yield Al . This multiplier k It has the 
arithmetic unit which calculates the concentration N2 of this specified element of this test sample for chemical analysis- 
ed by N2=k-Nl- (B-2 / Bl) from the above-mentioned spectrum yield Bl and B-2 in this standard sample and this test 
sample for chemical analysis-ed, and the concentration Nl of this specified element in this standard sample. 
[0012] 

[Embodiment of the Invention] In the quantum of the specified element using a nuclear reaction spectrum or an elastic 
recoil scattered spectrum (these are hereafter called a quantum spectrum), by irradiating the ion beam of tales doses at 
the standard substance and the test sample for chemical analysis-ed containing the specified element of known 
concentration, the ratio of the spectrum yield of the quantum spectrum detected by the standard substance and the test 
sample for chemical analysis-ed becomes equal to the rate of the ratio of concentration of the specified element in these, 
and the concentration of the specified element of a test sample for chemical analysis-ed is drawn from the ratio of 
spectrum yield. However, the specimen current (current which flows in a sample) used as mentioned above in order to 
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determine the amount of ion irradiation Since a gap is produced in fact by the difference in the current detection 
efficiency by the installation approach of a sample, the difference in the secondary electron recovery effectiveness by 
the location of an electrode holder, the difference in the conductivity of a sample proper, etc., Even if it sets up so that 
the amount of ion irradiation (apparent exposure) may become the same using the amount of addition charges of 
specimen current, the actual amount of ion irradiation is not in agreement by the standard sample and the test sample for 
chemical analysis-ed. Therefore, an exact quantum is not made if amendment of the gap with the apparent amount of ion 
irradiation and the true amount of ion irradiation is not performed in contrast with a test sample for chemical analysis-ed 
and a standard sample. 

[0013] By the element quantitative-analysis approach of this invention, in order to perform amendment according to a 
gap of the actual amount of ion irradiation, a backscattering spectrum is measured with measurement of an above- 
mentioned quantum spectrum, and it asks for the ratio of the actual amount of ion irradiation by contrast of the 
backscattering spectrum yield of a standard sample and a test sample for chemical analysis-ed. A backscattering 
spectrum is based on the base material element which constitutes a sample, and when a sample is [ for example, ] a 
silicon wafer, the backscattering spectrum by the silicon which constitutes a wafer is measured. Amendment about a gap 
of the amount of ion irradiation between samples is performed using this backscattering spectrum yield. 
[0014] The backscattering spectrum yield A is shown by the backscattering cross section sigma, the detector solid angle 
omega, the incidence ion total (the amount of ion irradiation) Q, the atomic label consistency U, and label thickness t 
like a degree type (1). 
[0015] 

A=sigma-omega-Q-U-t ~ (1) 

Similarly [ a detection include angle or a sample dimension ], when the base material of a standard sample and a device 
under test is the same The ratio (= A2/A1) of the backscattering spectrum yield A2 of the device under test to the 
backscattering spectrum yield Al of a standard sample Are equal to the ratio of the amount of ion irradiation of the 
device under test to the actual exposure ratio X of ion irradiation of an ion beam, i.e., the amount of a standard sample. 
The value (=B-2/X) which **(ed) quantum spectrum yield B-2 of a device under test by this exposure ratio X becomes 
quantum spectrum yield B-2' of a device under test in case the amounts of ion irradiation are a standard sample and tales 
doses. Since the rate to the quantum spectrum yield Bl of the standard sample of this spectrum yield B-2' is equal to the 
rate of the specified element concentration N2 of a test sample for chemical analysis-ed to the specified element 
concentration Nl of a standard sample, according to the following formula (2) and (3), the quantum of the specified 
element concentration N2 of a test sample for chemical analysis-ed is carried out. 
[0016] 

X=A2/A1 -(2) 

N2=Nl(B-2' / Bl) =NlandB-2/(X-Bl) 
= N1 (B-2/Bl)(Al/A2) - (3) 

Therefore, amendment of the quantum error by exposure gap can be performed by calculating the product of 
formula:N2=Nl (B-2 / Bl) and a correction factor conventionally by making inverse number 1 / X of the exposure ratio 
X into a correction factor k. 

[0017] Moreover, when the base materials which constitute a sample differ by the standard sample and the test sample 
for chemical analysis-ed It asks for the backscattering cross-section value ratio (sigmal/sigma2) to a test-sample-for- 
chemical-analysis-ed base material element and the atomic density ratio (U1/U2) of the standard sample base material 
element in the Measuring condition. From these values and the backscattering spectrum yield Al and A2, based on said 
formula (1), it can ask for ratio X* of the amount of ion irradiation like a formula (4), and specified element 
concentration N2' of a test sample for chemical analysis-ed is determined like a formula (5). 
[0018] 

X'=X- (sigmal/sigma2) (U1/U2) 

= A2/A1 (U1/U2) (sigmal/sigma2) - (4) 

N2'=NlandB-2/(X',Bl) 

= Nl (sigma2/sigmal) (U2/U1) (A1/A2) (B-2 / Bl) 
-(5) 

Therefore, amendment of the quantum error by exposure gap can be performed by calculating the product of 
formula:N2=Nl (B-2 / Bl) and a correction factor conventionally by making inverse number 1 / X[ of exposure ratio 
X ! ] f into a correction factor k. 

[0019] Furthermore, since only one of the isotopes is measured and a quantum is carried out as above-mentioned 
specified element concentration N2 f when an isotope exists in a specified element, concentration N2" of all isotopes is 
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computed using the abundance ratio alpha of the isotope measured. Therefore, it becomes like the following type (6). 
{0020] 

N2"=N2Valpha =(N1, Al, sigma2, U2, and B-2)/ (alpha-A 2 and sigmal, Ul, Bl) -- (6) 

Therefore, product l/(alpha-X') of the inverse number of exposure ratio X 1 and the inverse number of an abundance ratio 
alpha can be made into a correction factor k in this case. 

[0021] When a base material is the same and an isotope exists, l/(alpha-X) of products of the inverse number of the 

exposure ratio X and the inverse number of an abundance ratio alpha serves as a correction factor k. 

[0022] Thus, a quantum with few errors is performed by changing into quantum spectrum yield in case the ion beam 

dose of a standard substance and a device under test is tales doses, and amending and contrasting a gap of an ion beam 

dose. 

[0023] The quantum processing program for performing a quantum using measurement data as mentioned above is 
constituted as follows. 

[0024] First, if a standard sample is chosen and measurement of a standard sample and a test sample for chemical 
analysis-ed is performed, the concentration Nl of the specified element of a standard sample will be inputted, and the 
quantum spectrum yield Al and A2 of the data obtained by measurement, i.e., a standard sample, and a test sample for 
chemical analysis-ed, the backscattering spectrum yield Bl, and B-2 will be further inputted into an arithmetic unit. 
[0025] Next, a Measuring condition is inputted into an arithmetic unit. As a Measuring condition inputted, there are a 
base material constituent of a standard substance and a test sample for chemical analysis-ed, incidence ion beam energy, 
etc. 

[0026] Furthermore, the input of additional data is performed according to the following decision. First, the base 
material constituent of a sample judges whether it is the same or it differs by the standard sample and the test sample for 
chemical analysis-ed, and when it differs, the backscattering cross section sigma of a base material configuration 
element and the atomic consistency U are inputted. Furthermore, the existence of an isotope is judged about a specified 
element and, in a certain case, the abundance ratio alpha of the isotope detected is inputted. 
[0027] The following data processing is performed using the above-mentioned input data. 
[0028] case a base material constituent is the same ~ an arithmetic unit — the backscattering spectrum yield of a 
standard sample - the backscattering spectrum yield of a test sample for chemical analysis-ed --****» it is things, and 
the inverse number of the ion beam exposure ratio X, and 1/X are drawn, and the value which applied this value to 
quantum spectrum yield (nuclear reaction spectrum yield or elastic recoil scattered-spectrum yield) B-2 of a test sample 
for chemical analysis-ed is outputted. This output value is **(ed) with the quantum spectrum yield Bl of a standard 
sample, and, finally the value which applied the specified element concentration Nl of a standard sample [ finishing / an 
input ] is outputted as specified element concentration N2 of a test sample for chemical analysis-ed. This is equivalent to 
said formula (3). 

[0029] a base material - a constituent - differing ~ a case ~ said - a formula — (-- four -) - depending - an ion beam 
- an exposure — a ratio - X - 1 — the inverse number ~ one - /-- X - f - drawing « said - a formula - (-- five --) - 
following - calculating — having had — a specified element — concentration — N — two — ' — outputting — having . an 
isotope — it is - a case - said — a formula — (— six --) - following - an abundance ratio — alpha — using - having 
computed - all - an isotope — the total — concentration - N - two — " -- outputting — having . 

[0030] The element quantitative-analysis approach of this invention that a quantum is performed according to the above 
quantum program can be enforced with the equipment of a configuration as shown in drawing 1 , and if the process is 
indicated as a flow chart, it will become like drawing 2 . 

[0031] The equipment of drawing 1 has the detector DA for back scattering spectroscopy, and the detector DB for 
quantum spectrums, and is arranged in the same chamber 1. The spectrum detector for a nuclear reaction method or 
elastic recoil dispersion spectroscopy is used as a detector DB for quantum spectrums. Whenever an ion beam 5 is 
irradiated by the sample electrode holder 3 installed in a chamber 1, while irradiating, the backscattering spectrum of a 
sample is detected by Detector DA and the nuclear reaction spectrum or elastic recoil scattered spectrum from a sample 
is detected by Detector DB. That is, while the ion beam is irradiated by the sample, two sorts of spectrums are always 
detected. Spectrum data are obtained by sending the spectrum detected to a multi-channel analyzer 1 1 respectively 
through Preamps 7A and 7B and Amplifiers 9A and 9B, and carrying out data processing. By carrying out addition 
processing of each obtained spectrum data in an arithmetic unit 13, spectrum yield is obtained and it is used for quantum 
processing in an arithmetic unit 13 according to the above-mentioned quantum program, the value of the specimen 
current which the sample electrode holder 3 is equipped with the amperometry machine (illustration abbreviation) for 
measuring specimen current, and is measured - being based - a standard sample and a ratio - the exposure of the ion 
irradiated by the test portion is determined. 
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[0032] As for Detectors DA and DB, what has high energy resolution is [ that what is necessary is just what can detect 
the produced particle or photon by the nuclear reaction or the backscattering ] desirable. If the include angle to the ion 
beam of these detectors is a detectable include angle, it is arbitrary. 

[0033] As 1 operation gestalt of the element quantitative-analysis approach of this invention, the element quantitative 
analysis in a silicon base material is mentioned as an example, and it explains along with the flow chart of drawin g 1 . 
Here, the quantum of the boron poured into the silicon semi-conductor wafer by the nuclear reaction method is carried 
out. 

[0034] [measurement of a sample] ~ a test sample for chemical analysis-ed and the standard sample of the known 
impregnation concentration with which boron was injected into the silicon substrate by near concentration are chosen 
first (process SI). Therefore, in this example, the substrate (base material) of a standard sample and a test sample for 
chemical analysis-ed is the same. 

[0035] A standard sample and a test sample for chemical analysis-ed are installed in the sample electrode holder 3 in the 
chamber 1 in which both detector DB for nuclear reaction methods and detector DA for back scattering spectroscopy 
were installed. After preparing a measurement environment by setting up a detector and carrying out vacuum suction for 
a chamber to 1x10 to 5 or less Torrs with a pump, Detectors DA and DB detect the alpha particle of the nuclear reaction 
origin which irradiated the proton beam and generated it as an ion beam in the sample, and the proton of the 
backscattering origin, respectively, and a nuclear reaction spectrum and a backscattering spectrum are measured 
(process S2). Induction of the nuclear reaction: 1 lB(p, alpha)8Be alternatively expressed with a degree type to the boron 
in a sample by the exposure of a proton beam is carried out. Although the energy of the proton at this time has desirable 
0.65MeV(s) which are resonance energies, it is arbitrary if a nuclear reaction is the energy by which induction is carried 
out. The detected particle is counted at any time with an arithmetic unit. Moreover, a charge is integrated measuring 
specimen current here, and if an addition value reaches the value set up beforehand, the exposure of a proton beam will 
be suspended. The higher possible one of the addition value of the charge set up here is desirable. 
[0036] The concentration Nl of a [data input] standard sample is inputted into an arithmetic unit (process S3). 
[0037] The quantum spectrum yield Al and A2 of the standard sample computed by data processing of the spectrum 
data obtained by measurement and a test sample for chemical analysis-ed, the backscattering spectrum yield Bl, and B- 
2 are acquired by the arithmetic unit (process 4). 

[0038] A Measuring condition is inputted into an arithmetic unit (process S5). As a Measuring condition inputted, there 
are a base material constituent of a standard substance and a test sample for chemical analysis-ed, incidence ion beam 
energy, etc. 

[0039] It judges whether the constituent of the base material of [data analysis] standard sample and a test sample for 
chemical analysis-ed is the same (process S6), and if the same, it will judge whether the isotope of a specified element is 
in a sample (process S7). If the constituent of a base material is not the same in a process S6, the backscattering cross 
section and the atomic consistency of a constituent of a standard sample and a test sample for chemical analysis-ed will 
be inputted, a backscattering area ratio and an atomic density ratio will be calculated by the arithmetic unit (process S8), 
and a process S7 will be performed next. [ of a base material ] In a process S7, if there is no isotope about a specified 
element, quantum count of the specified element of a test sample for chemical analysis-ed will be performed (process 
S9). When there is an isotope in a process S7, the abundance ratio alpha of the isotope detected by measurement is 
inputted (process S10), and process S9 is performed. 

[0040] In process S9, A2/A1 is calculated and the exposure ratio X of a test sample for chemical analysis-ed to the 
standard sample of the actually irradiated proton beam is drawn from the quantum spectrum yield Al and A2 of a 
standard sample and a test sample for chemical analysis-ed. By hanging inverse number 1 / X of X on nuclear reaction 
spectrum yield B-2 of a test sample for chemical analysis-ed, nuclear reaction spectrum yield B-2-B-2/X in the 
conditions which amended the beam exposure to a standard sample and tales doses are obtained, furthermore, this B-2/X 
- the nuclear reaction spectrum yield Bl of a standard sample -**** — the ratio of concentration Y of a test sample for 
chemical analysis-ed to a standard sample is obtained by things. And Nl which is the concentration of a standard 
sample is hung on this Y, and, finally N2 is outputted as concentration of a test sample for chemical analysis-ed (process 
SI 1). Any of field concentration, volume concentration, or an ion-implantation dose are sufficient as the concentration 
at this time. 

[0041] In the above-mentioned approach, when the constituents of a base material differ, using the ratio calculated from 
the value inputted in a process S8, the quantum value of the specified element of a test sample for chemical analysis-ed 
is computed by said formula (5), and it is outputted. 

[0042] Moreover, although the above-mentioned approach is the approach of computing the field concentration of 
isotope 1 IB of boron, when other isotopes, for example, 10B, are included in the test sample for chemical analysis-ed 
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and it turns out that the relative isotopic abundance is the same as natural abundance, the isotopic ratio is beforehand 
inputted into an arithmetic unit in a process S10, and the quantum value of the specified element of a test sample for 
chemical analysis-ed is computed and outputted according to said formula (6). 
[0043] 

[Example] Hereafter, with reference to an example and the example of a comparison, this invention is further explained 
to a detail. 

[0044] (Example 1) Si02 film of 5nm of thickness was formed to the silicon semi-conductor wafer of 8 inches of 
quantitative analyses of the boron by the nuclear reaction method, and the sample which aimed at the dose of about 
1.0x1 01 5-/cm2, and carried out the ion implantation of the 1 IB with the energy of 0.2keV(s) into this Si02 film was 
prepared. The center section of the silicon wafer which poured in this 1 IB ion was cut to abbreviation lcmxlcm using 
the diamond cutter. Then, in order to remove cutting waste, the nitrogen blow was performed to two pieces of samples. 
[0045] Moreover, the standard sample to which 1 IB is injected into the front face of a silicon semi-conductor wafer 
with the dose of 1.00x1 01 5-/cm2 with the energy of 5keV(s) was prepared as a standard sample, it cut to abbreviation 
lcmxlcm similarly, and cutting waste was removed. 

[0046] The test sample for chemical analysis-ed and standard substance of 1cm angle which were started have been 
arranged in a nuclear reaction analysis chamber, and vacuum suction was carried out until this chamber was set to 1x10- 
6Torr with the vacuum pump. Next, when the proton beam accelerated by 0.65MeV(s) with the tandem accelerator was 
irradiated at the standard sample, induction of the nuclear reaction was carried out by the part and proton of 1 IB which 
are contained in a sample, and the alpha particle was emitted out of the sample. Moreover, the backscattering of a part 
of proton irradiated by coincidence was carried out by elastic scattering with Si atom which constitutes a substrate. The 
semiconductor detector installed in the location of 160 degrees to the incidence ion beam detected the alpha particle 
emitted by the nuclear reaction, and the proton by which the backscattering was carried out was detected by the 
semiconductor detector installed in the location of 150 degrees to the ion beam, respectively. Moreover, distance of 
these detectors and samples was set to 8cm. Specimen current was measured and the exposure of an ion beam was 
suspended in the place where the amount of charges became 50microC (microcoulomb). It measured on the same 
conditions as the above also to the test sample for chemical analysis-ed. 

[0047] The backscattering spectrum of a standard sample and a test sample for chemical analysis-ed seemed to be 
d rawing 3 . When the count of 100-200 channels was calculated with the arithmetic unit among the peaks from the 
silicon substrate which is the common peak of both samples, it became 48325 counts by the standard sample, and 
became 47228 counts by the test sample for chemical analysis-ed. Furthermore, the ratio of a test sample for chemical 
analysis-ed to the standard sample of the actually irradiated amount of charges was drawn from these values with 0.977. 
The nuclear reaction spectrum of a standard sample and a test sample for chemical analysis-ed seemed to be drawing 4 . 
Similarly, when the count of 100-300 channels was calculated with the arithmetic unit, it became 1642 counts by the 
standard sample, and became 1570 counts by the test sample for chemical analysis-ed. From these values and the value 
0.977 acquired by the above, the douse quantitative ratio of a test sample for chemical analysis-ed to a standard sample 
was outputted with 0.979. Finally by spending 1.00x1 01 5/cm2 of doses of a standard sample on this value, the dose of 
1 IB of a test sample for chemical analysis-ed was outputted with 9.79x1 014-/cm2. 

[0048] (Example 1 of a comparison) About the measurement result of the quantum example 1 by the conventional 
method, quantum evaluation was performed only by the nuclear reaction spectrum of drawing 4 with the conventional 
method. 

[0049] The concentration of a test sample for chemical analysis-ed serves as 9.56xl014-/cm2 from 1.00xl015/of known 
concentration cm 2 of 1642 counts of a standard sample, 1570 counts of a test sample for chemical analysis-ed, and a 
standard sample by count of x(1570 count / 1642 count) 1.00xl015-/cm2. It is clear that this value's error with a true 
value is included by gap of the actual ion beam exposure of both samples so that the backscattering spectrum of drawing 
3 may see. 

[0050] (Example 2) The wafer sample which formed the silicon nitride (SiN) film of 20nm of thickness was prepared 
for the quantitative-analysis silicon semi-conductor wafer of the hydrogen in the silicon nitride film by elastic recoil 
dispersion spectroscopy. The center section of this silicon wafer was cut to abbreviation lcmx4cm using the diamond 
cutter. Then, in order to remove cutting waste, the nitrogen blow was performed to two pieces of samples. 
[0051] Moreover, as a standard sample, the silicon nitride film of 20nm of thickness is formed to the silicon semi- 
conductor wafer, and the sample by which hydrogen is contained by the field concentration of 5.00x1 01 6-/cm2 in the 
film was prepared. The test sample for chemical analysis-ed and standard substance which were started have been 
arranged in the analysis chamber for elastic recoil dispersion spectroscopy, and vacuum suction was carried out until 
this chamber was set to lxlO-6Torr with the vacuum pump. Next, when the helium ion (helium-H-) beam accelerated by 
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2.4MeV(s) with the tandem accelerator was irradiated at the standard sample, hydrogen was emitted by elastic recoil 
dispersion with the hydrogen and the incidence helium ion which are contained in a sample out of the sample. 
Moreover, the backscattering of a part of helium ion beam was carried out to coincidence by elastic scattering with the 
silicon atom which constitutes a substrate. Moreover, the backscattering of some helium ion irradiated by coincidence 
was carried out by elastic scattering with the silicon atom which constitutes a substrate. Then, the semiconductor 
detector installed in the location of 20 degrees to the incidence ion beam detected the hydrogen atom emitted by elastic 
recoil dispersion, and in order for the helium ion by which a backscattering is carried out to prevent carrying out 
incidence to a detector, the 10-micrometer Mylar film was installed ahead [ detector ]. Moreover, the semiconductor 
detector installed in the location of 160 degrees to the ion beam detected the proton by which the backscattering was 
carried out. Moreover, distance of these detectors and samples was set to 8cm. The exposure of an ion beam was 
suspended in the place where specimen current was measured at and the amount of charges became 30microC 
(microcoulomb). Moreover, it measured on the same conditions as the above also to the test sample for chemical 
analysis-ed. 

[0052] It became like drawing 5 about the backscattering spectrum of a standard sample and a test sample for chemical 
analysis-ed. When the count of 150-250 channels was calculated with the arithmetic unit among the peaks from the 
silicon substrate which is the common peak of both samples, it became 548547 counts by the standard sample, and 
became 519938 counts by the test sample for chemical analysis-ed. Furthermore, the ratio of a test sample for chemical 
analysis-ed to the standard sample of the actually irradiated amount of charges was drawn from these values with 0.948. 
The elastic recoil scattered spectrum of a standard sample and a test sample for chemical analysis-ed became like 
drawing 6 . Similarly, when the count of 180-220 channels was calculated with the arithmetic unit, it became 8317 
counts by the standard sample, and became 5836 counts by the test sample for chemical analysis-ed. From these values 
and the value 0.948 acquired by the above, the douse quantitative ratio of a test sample for chemical analysis-ed to a 
standard sample was outputted with 0.740. Finally by applying 5.00x1 01 6/of hydrogen side concentration cm 2 of a 
standard sample to this value, the hydrogen side concentration of a test sample for chemical analysis-ed was outputted 
with3.70xl016-/cm2. 

[0053] (Example 2 of a comparison) About the measurement result of the quantum example 2 by the conventional 
method, quantum evaluation was performed only with the elastic recoil scattered spectrum of drawing 6 with the 
conventional method. 

[0054] The hydrogen side concentration of a test sample for chemical analysis-ed serves as 3.51xl016-/cm2 from 
5.00x1 01 6/of known side concentration cm 2 of 8317 counts of a standard sample, 5836 counts of a test sample for 
chemical analysis-ed, and a standard sample by count of x(5836 count / 8317 count) 5.00xl016-/cm2. It is clear that this 
value's error with a true value is included by gap of the actual ion beam exposure of both samples so that the 
backscattering spectrum of drawing 5 may see. 

[0055] (Example 3) In the quantitative analysis of the boron by the quantitative-analysis nuclear reaction method of a 
sample including an isotope, what boron exists by concentration uniform in depth of 2 micrometers from a front face in 
germanium semi-conductor wafer as a test sample for chemical analysis-ed about the sample which contains isotope 
10B of boron by relative isotopic abundance in a different base material from a standard sample, and contains isotope 
10B by relative isotopic abundance was prepared. Moreover, it was with the standard sample and 1 IB prepared for a 
depth of 2 micrometers what exists by the concentration of 1 .00% of atomic ratios at homogeneity from the front face 
into the silicon semi-conductor wafer. 

[0056] Measurement was performed on the same conditions as an example 1 except having performed incidence energy 
by 1 .0MeV(s). Backscatterings cross-section sigmaSi=0.2909barns of the silicon to the proton of atomic consistency 
USi=5.00xl022 atoms/cm3 of silicon and germanium, UGe=4.42xl022 atoms/cm3, incidence energy =1.0MeV, and 
lMeV in 150 degrees of detection angles and germanium and sigmagermanium=1.523barns were inputted as a 
Measuring condition and sample conditions after measurement. Furthermore, backscattering spectrum yield ASi=1305 
count from a front face to [ from measurement data ] 50nm and AGe=5439 count were computed about the standard 
substance and the test sample for chemical analysis-ed, and the gap of the ion beam exposure by the backscattering 
spectrum yield from a base material was amended. Under the present circumstances, the ion beam exposure ratio X of a 
standard substance to a test sample for chemical analysis-ed was taken as the value computed by silicon and the atomic 
consistencies USi and UGe of germanium, backscattering cross-section sigmaSi, sigmagermanium, and the 
backscattering spectrum yield ASi and AGe according to the following formula. 
[0057] 

X=(ASi-sigma germanium-UGe)/(AGe-sigma Si-USi) 

Consequently, X= 1 . 1 1 was outputted. On the other hand, the nuclear reaction spectrum yield BSi and BGe of a 
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standard substance and a test sample for chemical analysis-ed was respectively computed with BSi=892 count and 
BGe=731 count from measurement data, and the concentration of 1 IB contained in a test sample for chemical analysis- 
ed was computed with x(73 1 count / 892 count) 1 . 1 lxl .00%=0.91%. Finally from this value, the quantum of the boron 
concentration of a test sample for chemical analysis-ed was carried out to 1.12% by calculating 0.91% / alpha using the 
relative isotopic abundance alpha= 0.81 of 1 IB. 
[0058] 

[Effect of the Invention] As explained above, according to the configuration of this invention, a quantum with few 
errors can be made possible by amendment of a gap of the amount of ion irradiation, and element quantitative analysis 
in the conventionally difficult semi-conductor wafer can be carried out in a very high precision. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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[Drawing 2] 
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[Translation done.] 
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